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ABSTRACT

:

PURPOSE: To provide the operational amplifier operated at a low current
consumption by selecting two kinds of biases used to control a current
source
transistor (TR)

.

CONSTITUTION: Let a current flowing to a P-channel MOS TR 105 be 12,
and a
conductance constant is equal to N-channel MOS TRs 106, 108 being
components of
a current mirror circuit. Furthermore, a conductance constant is equal
to M

P-channel MOS TRs 107, 109 being components of other current mirror
circuit

.

Then a current equal to the current 12 is obtained by the N- channel
MOS TR 108
and similarly a current equal to the current 12 is obtained by the
P-channel
MOS TRs 109, 114. Thus, the operating consumed current of the
operational
amplifier circuit is 12&times ; 4, and then a value obtained by
multiplying a
constant with a current flowing to the current source TR 105 is the
operating
consumed current of the operational amplifier. That is, the operating
consumed
current of the operational amplifier is controlled by varying the
voltage of
the signal 104.
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* NOTICES *

Japan Patent Office is not responsible for any
damages caused by the use of this translation.

1 .This document has been translated by computer. So the translation may not reflect the original precisely.
2.**** shows the word which can not be translated.

3. In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Industrial Application] this invention relates to the drive method of an operational amplifier.

[0002]

[Description of the Prior Art] In order to output predetermined voltage as an output circuit, predetermined reference voltage is

inputted into the noninverting input of this operational amplifier using an operational amplifier, the output of this operational
amplifier is returned from the former to the reversal input of this operational amplifier, and many methods of forming a
voltage follower are used. The example of a circuit of this voltage follower is shown in the logic diagram of drawing 2 (a). It

is the predetermined reference voltage which has inputted 201 into the operational amplifier and has inputted the signal 202
into the noninverting input of an operational amplifier 201 in drawing 2 (a). A signal 203 is the output of an operational
amplifier 20 1 , and has returned to the reversal input of an operational amplifier 201. Thus, if a voltage follower is formed,
telling the output 203 of an operational amplifier that the predetermined reference voltage signal 202 and the signal into

which the impedance was changed by the very small value on this voltage are acquired is known well.

[0003] Here, the example for realizing a voltage follower is shown in the circuit diagram of drawing 2 (b). Drawing 2 (b) is an
example which realized the voltage follower using the MOS transistor. A signal 213 a positive-electrode power supply and a
signal 214 in drawing 2 (b) A negative-electrode power supply, Reference voltage predetermined in a signal 202 and a signal
203 the output of an operational amplifier, and 204 A bias generating circuit, The current regulator circuit P type MOS
transistor 205 has gate bias controlled by the signal from the bias generating circuit 204, A differential pair transistor and N
type MOS transistors 208 and 209 are constituted for P type MOS transistors 206 and 207 by Miller circuit, the transistor
which serves as a drain load of P type MOS transistors 206 and 207 with impedances, such as each, ~ The P type transistor
210 has gate bias controlled by the signal from a bias circuit 204. The current regulator circuit and capacitor 21 1 used as the
active load of an output signal 203 are an output-stage transistor with which the capacitor for phase corrections and N type
MOS transistor 212 output predetermined voltage to an output signal 203. The differential-amplifier circuit is formed by P
type MOS transistors 205, 206, and 207 and N type MOS transistors 208 and 209. The output signal 215 from this

differential-amplifier circuit is connected to the gate input ofN type MOS transistor 212 of the capacitor 21 1 for phase
corrections, and an output stage.

[0004] The gate of one P type transistor 206 of a differential pair transistor is the noninverting input of an operational
amplifier, and the signal 202 which is predetermined reference voltage is inputted. The feedback input of the signal 203 which
the gate of one [ of a differential pair transistor ] of other P type transistors 207 is the reversal input of an operational
amplifier, and is the output of an operational amplifier is carried out. Thus, the voltage follower was formed
[0005]

[Problem(s) to be Solved by the Invention] However, in the case of the above-mentioned conventional technology, the
technical problem shown below occurred. It is common knowledge that it is generally shown whether output voltage is

followed from the restrictions by the flattery performance of the internal circuitry of an operational amplifier by change whose
output voltage is what volt per unit time by being unable to change with the speed more than a certain threshold value, but
calling this threshold value slew rate when it changes with the speed which has input voltage in an operational amplifier.
Moreover, it is common knowledge that the slew rate of an ideal operational amplifier is also infinite. Next, the slew rate of
the operational amplifier in the circuit diagram of the conventional example of drawing 2 (b) is described. The slew rate of
CI, then this operational amplifier is expressed with the following (1) formulas in the parasitic capacitance which is parasitic
on gate-capacitance + wiring of electrostatic-capacity + N type MOS transistor 212 of an II and the capacity load 21 1 of the
output signal 215 from a differential-amplifier circuit, i.e., a phase correction capacitor, etc. in the current which operates a
differential-amplifier circuit, i.e., the current restricted by P type MOS transistor 205.
[0006] Slew rate = Il/Cl --(1)

(1) What is necessary is to make [ many ] the current II which flows in the differential-amplifier circuit in this operational
amplifier, or just to lessen the capacity load CI of the output signal 215 from a differential-amplifier circuit from a formula, in
order to raise the flattery nature of an output which follows change of the input voltage of an operational amplifier, if it puts in
another way in order to raise the value of a slew rate. However, the capacitor 21 1 for phase corrections is required in order to
prevent the unusual oscillation of an operational amplifier, and N type MOS transistor 212 of an output-stage transistor is a
transistor which constitutes an operational amplifier, and cannot delete it. Therefore, it is difficult to reduce remarkably the
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value ofthe above-mentioned capacity load CI. Although the value of a slew rate will improve on the other hand if the

current II which flows in a differential-amplifier circuit is similarly made [ more ] than the above-mentioned formula, this

thing will be accompanied by the increase in the consumed electric current of an operational amplifier of operation. This thing
will become a fatal fault in the field which needs to stop the required shell operation consumed electric current which
lengthens the life of cells, such as a pocket device which uses a cell as a power supply, few. this invention solves the technical
problem mentioned above, and the place made into the purpose offers the operational amplifier which operates by the low
consumed electric current, without spoiling the value of a slew rate.

[0007]

[Means for Solving the Problem] In order to solve the technical problem mentioned above, this invention consists of a
current-source transistor, a differential-amplifier circuit, and an output-stage circuit, the consumed electric current of this

differential-amplifier circuit of operation and the consumed electric current of an output-stage circuit of operation are
controlled by the current which flows to this current-source transistor, and it is characterized by the ability of operation of this

output-stage circuit to carry out binary selection of the bias which controls this current-source transistor at least in the
operational amplifier controlled by the signal from this differential amplifier.

[0008] Moreover, bias which controls this current-source transistor is characterized by carrying out binary selection by time
sharing.

[0009] Moreover, it is characterized by this current-source transistor being controlled by binary bias this restricted by the
increase in current, and reduction of current.

[0010] Moreover, this current-source transistor is characterized by being a depression type transistor.

[001 1] Moreover, this differential-amplifier circuit and this output-stage circuit are characterized by operating by the current
restricted with this current-source transistor and the transistor which constitutes current Miller circuit.

[0012]

[Function] Since according to this invention the consumed electric current of this current-source transistor can be controlled
and the consumed electric current of the differential-amplifier circuit in an operational amplifier and an output-stage circuit

can be similarly controlled by forming this current-source transistor and current Miller circuit by changing the bias of a
current-source transistor, the consumed electric current of this operational amplifier of operation can be reduced
[0013]

[Example] The example of this invention is explained below. One example of this invention is shown in drawing 1 . Drawing
1 is the circuit diagram showing an example which constituted the operational amplifier from an MOS transistor, the drawing
1
****.. ioi - a positive-electrode power supply and 102 -- negative-electrode ******- certain ** P type MOS transistor

105 is a current-source transistor. The differential-amplifier circuits which constitute an operational amplifier are P type MOS
transistors 109, 1 10, and 1 1 1 and N type MOS transistors 1 12 and 1 13. A differential pair transistor and N type MOS
transistors 1 12 and 1 13 of the constant-current transistor and P type MOS transistors 1 10 and 1 1 1 by which P type MOS
transistor 109 supplies a constant current to a differential-amplifier circuit are the drain loads of differential pair P type MOS
transistors 1 10 and 1 1 1 respectively. The output-stage circuits which constitute an operational amplifier are P type MOS
transistor 1 14 and N type MOS transistor 1 15. N type MOS transistor 1 15 is an output driver, and P type MOS transistor 1 14
is the active load ofN type MOS transistor 115. The capacitor 1 16 is connected by the capacitor for phase corrections
between the output signal 1 19 of a differential-amplifier circuit, and the signal 1 17 which is the output of an operational
amplifier. The signal 103 has inputted the noninverting input of an operational amplifier in the gate input of P type MOS
transistor 1 10. The feedback input of the signal 1 17 whose reversal input of this operational amplifier is an output of an
operational amplifier in the gate input of P type MOS transistor 1 1 1 is carried out. Thus, if constituted, it will be as the
conventional example having explained that a voltage follower will be formed.

[0014] On the other hand, as for P type MOS transistor 105, P type MOS transistors 107, 109, and 1 14 form current Miller
circuit in current Miller circuit and this appearance, as for a current-source transistor and N type MOS transistors 106 and
108. And in order to set to 12 the current which flows to P type MOS transistor 105 and to give explanation intelligible, N
type MOS transistors 106 and 108 which form current Miller circuit make a conductance constant equal, and P type MOS
transistor 107 and the conductance constant of 109 and 1 14 which form the current Miller circuit of further others presuppose
that it is equal. Then, current equal to 12 is acquired by N type MOS transistor 108 by work of current Miller circuit, and
current equal [ 1 14 ] to P type MOS transistor 109 and P type MOS transistorI2 is acquired similarly. Therefore, the
consumed electric current of operation in the example of a circuit of the operational amplifier of drawing 1 is set to 4x12. That
is, the value which multiplied by the constant in the current which flows to a current-source transistor serves as the consumed
electric current of an operational amplifier of operation.

[0015] Next, supposing the current 12 which flows to P type MOS transistor 105 of a current source sets Vtp, the source, and
bias between the gates to Vgp, and sets a conductance constant to Kp and it is operating the threshold voltage of P type MOS
transistor 105 by the saturation region, current 12 will be given by the following (2) formulas
[0016]

I2=Kp / 2-(Vgp-Vtp) 2 - (2)

(2) If it is fixed [ a formula / the conductance constant Kp and the threshold voltage Vtp ], it is shown that current 12 changes
with the values of the source and the bias Vgp between the gates. The source of P type MOS transistor 105 and the bias Vgp
between the gates are [ in / the circuit diagram of drawing 1 ] controllable by the signal 104. Therefore, the consumed electric
current of the operational amplifier of drawing 1 of operation is controllable by changing the voltage value of a signal 104.



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cg

[0017] Next, concrete operation is explained using the timing chart view of drawing 3 . In drawing 3 (a), in order to give

explanation intelligible, the same number is attached to the same signal as drawing 1 . The gate bias of current-source P type

MOS transistor 105 of an operational amplifier and the signal 1 17 ofthe reference voltage and the signal 104 with which a

signal 103 is inputted into the noninverting input of an operational amplifier are output signals of an operational amplifier. A
signal 103 shows that the reference voltage has changed a certain period. The gate bias of current-source P type MOS
transistor 105 receives the voltage of a positive-electrode power supply. - Suppose with Va that it is fixed. Although an output
signal 1 17 operates to consider this change as the voltage level of an input signal 103, only Ta time is behind [ the relation of
the restrictions by the flattery performance of the internal circuitry of an operational amplifier, i.e. a slew rate, ] in it to change
of an input signal 103, and it reaches a predetermined voltage level.

[0018] Drawing 3 (b) is the timing chart view of this invention. The gate bias of current-source P type MOS transistor 105 of
an operational amplifier and the signal 1 17 of the reference voltage and the signal 104 with which a signal 103 is inputted into

the noninverting input of an operational amplifier are output signals of an operational amplifier. The same number is attached

to the same signal as drawing 3 (a). A signal 103 shows that the reference voltage has changed a certain period. The signal

104 which is the gate bias of current-source P type MOS transistor 105 of drawing 1 receives the voltage of a

positive-electrode power supply. - It is the binary voltage of Vbl and -Vb2, and changing by time sharing is shown.
Moreover, a signal 104 synchronizes with the change timing of the voltage of a signal 103, and only predetermined time is. -

It becomes the voltage ofVbl and is henceforth to the change timing of the next voltage of a signal 103. - Holding the voltage

of Vb2 is shown, voltage - Vb - one - Vb ~ two ~ an absolute value ~ size ~ a relation - the following - (-- three --) ~ a

formula ~ being shown - a passage - it is

.

[0019]

|-Vbl|>|-Vb2| - (3)

- When the voltage of Vbl and -Vb2 is the gate bias of current-source P type MOS transistor 105 of drawing 1 , the current

which will flow to an MOS transistor if gate bias is large increases and gate bias is small, it is as the place of the

above-mentioned formula (2) having described that the current which flows to an MOS transistor decreases. Therefore, there

is much current which flows to current-source P type MOS transistor 105 of drawing 1 to the timing of Tc of a signal 104, and
it decreases to the timing of Td. Then, since the current which flows in the differential-amplifier circuit in an operational

amplifier also decreases to the timing of Td mostly in the timing of Tc of a signal 104, the slew rate of an operational

amplifier becomes high to the timing of Tc to the timing of Td of a signal 104. therefore -- if the voltage value of -Vbl is set

as a suitable value ~ the output signal 1 17 of an operational amplifier ~ the voltage of a signal 103 ~ it receives changing, a
time delay Tb decreases extremely, and the output near an ideal is obtained

[0020] Next, the consumed electric current is described. It is as the consumed electric current of an operational amplifier of
operation having mentioned above to the timing of Tc of the signal 104 of drawing 3 , and decreasing to the timing of Td. By
the way, to the timing of Td, since the output signal 1 17 has already reached the predetermined voltage level, an operational
amplifier should just hold the voltage level.

[0021] Therefore, to the timing of Td, there may be very little consumed-electric-current current of an operational amplifier of
operation. On the other hand, to the timing of Tc, although an operational amplifier needs much current, if it is a range longer
than the time delay Tb of an output signal 1 17 and time of Tc is lessened as much as possible to the time of Td, influence of
an increase of the consumed electric current in the timing of Tc can be lessened extremely.

[0022] Next, other examples of this invention which made the depletion type P type MOS transistor 105 which is a
current-source transistor of the operational amplifier of drawing 1 are explained. As shown in the timing chart view of
drawing 4

,
when current-source P type MOS transistor 105 is made into a depletion type, the gate bias signal 103 of P type

MOS transistor 105 is given. The same sign as drawing 3 is attached to what shows the same timing as drawing 3 in drawing 4
.
A signal 103 is positive-electrode power supply level in negative-electrode power supply level and the timing ofTd to the

timing of Tc. Since P type MOS transistor 105 of a current source is a depletion type, predetermined current will be acquired
if the positive-electrode power supply level of grand level is inputted into the gate. Moreover, if negative-electrode power
supply level is inputted into the gate, much current can be acquired from the case where positive-electrode power supply level
is inputted into the gate. Thus, you may control the current-source transistor of an operational amplifier.

[0023] Although explained that the above explanation carried out binary selection of the bias of a current-source transistor,

there is no need of of course being only two values, and in order to smooth the change of the bias of a current-source
transistor, you may choose it more than a ternary for the reasons of wanting to lessen the settling time of an operational
amplifier. Moreover, although the positive-electrode power supply has been explained as a gland, even if it, of course, makes
a negative-electrode power supply into a gland, the same composition as this invention, then the same effect can be acquired.
Therefore, although the current-source transistor was explained as a P type MOS transistor, even if it uses an N type MOS
transistor, of course, it is good. Moreover, in the example of this invention, although explained using the MOS transistor, it is

not restricting to an MOS transistor and the same effect can be acquired also with the transistor of other kinds
[0024]

[Effect of the Invention] according to this invention - the input voltage of an operational amplifier - since it can synchronize
with changing and the slew rate of a predetermined time operational amplifier can be raised, an operational amplifier with
very few time delays of the output voltage of input voltage which follows for changing can be obtained

[0025] Moreover, the current of the current-source transistor which restricts the consumed electric current of an operational

amplifier of operation is controlled by time sharing, current lessens time of the timing which flows mostly, and since time of




